Introduction 27
The phenomenon of condensation has vital role in many engineering applications. Soon after 28 the realization of heat transfer enhancement based on available surface area, simple plain condensing 29 tubes were replaced by two-dimensional integral-fin tubes. However, due to surface tension effects, an 30 adequate amount of condensate was observe to retain in between the fins, a phenomenon first observed 31
by Katz et. al., [1] . The extent of this flooding is measured by retention angle which is measured from 32 top of the tube to the full flooded flank between the inter-fin spacing. 33
A comprehensive experimental data on heat transfer is available on integral-fin tubes [2] [3] [4] [5] [6] [7] [8] . 34
Researchers also compared the measured retention angle in actual condensation with static 35 condensation and no appreciable change was noted. Reasonable heat transfer models have also been 36 reported [9] [10] [11] in which retention angle was found main parameter in the measurement of heat 37 transfer. 38
Retention angle measurement based on vapour velocity has also been reported on integral-fin 39 tubes [4, 12] and a semi-empirical model was reported by Ali and Amanat [12] which agree to data for 40 water, ethylene glycol and R-141b to within ±20 %. 41
After the advancement in tube geometry, trend shifted to more sophisticated three-dimensional 42 tubes also known as pin-fin tubes. A reasonable heat transfer data is now available which shows the 43 superior performance of these tubes over integral-fin tubes [13] [14] [15] [16] [17] [18] [19] [20] [21] and reports the effect of pin 44 geometry over a range of fluids successfully. Recently Ali and Briggs [20] published an analytical 45 model which predict most of the experimental data on pin-fin tubes to within ±15 %. Ali also 46 summarized the previous work on enhanced tubes successfully [22] . 47
Effect of vapour velocity on condensate retention was studied systematically by Ali and 48 Abubaker [23, 24] . Geometric parameters varied were circumferential pin spacing and circumferential 49 tooth thickness. In all cases, pin-fin tubes were found less flooded when compared with equivalent 50 integral-fin tube. 51
Eight horizontal tubes varying in fin spacing were tested under static condensation [25] . Three 52 fluids namely water, ethylene glycol and R-141b were tested. Data showed the independence of the 53 effect of mass flow rate on the retention angle. 54
Based on the literature review available, only one study of Ali et. al., [25] is available which 55 reports the effect of condensate flow rate on integral-fin tubes. In this paper pin-fin tubes are tested 56 under static condensation and the effect of mass flow rate on these tubes is presented. 57
Methodology 58
Simulated experimentation was accomplished with small holes (about 0.4 mm in diameter) in 59 between the rectangular fins in longitudinal direction. One end of the tube was connected to a fluid 60 reservoir via a flexible tube and a needle valve to control the flow rate. The tube under test was located 61 horizontally such that the small holes were kept right at the top. The schematic of experimental set-up 62 and test tubes can be seen in Fig. 1 with photographic method and good agreement was found (see sample of photographs in Fig. 4 and 5). 90
The accuracy of calibrated ring method was around ±6 degrees. 91 92
The flow rate was adjusted so that the fluid spilled steadily and uniformly over the tube surface. 94
Photographs were taken for each tube at the flow rate starting from nearly zero flow rate which was 95 attained by spraying the condensate over the tube and measuring the retention angle, and ending at the 96 flow rate at which the tube gets fully flooded. Measuring flask and stop watch were used to measure 97 flow rate. 
Results and Discussion 105
Graphs for condensate retention angle versus condensate flow rate are shown in Figure 6 .The 106 difference in condensate retention angle between water and R141B at zero condensate flow rate is 107 around 60 for circumferential pin spacing of 0.5 mm (T0). However, this value reduces to around 40 108 for for circumferential pin spacing of 2 mm (T5). It is interesting to note that variation in retention 109 angle with changing circumferential pin spacing is more significant for liquids with higher surface 110 tension to density ratio such as water. The results could also be used to estimate the condensate 111 retention angles for liquids with different surface tension to density ratios at different condensate flow 112
rates. 113
For all tubes tested the condensate retention angle has remained constant for a range of 114 condensate flow rate (0 -2 ml/sec). This highlights the importance and usefulness of pin fin tubes in 115 industrial condensers, where tube banks are used. For the case of smooth and finned tubes, significant 116 degradation in heat transfer is obtained on the lower tubes in the bank. Firstly, higher condensate 117 retention angles are obtained as lower tubes get thoroughly inundated with the condensate falling from 118 the higher tubes. Secondly, condensate retention angles increase as vapour velocity is decreased, 119 consequently shearing effect of vapour velocity is reduced. 120 Figure 5 . Photographs of test tube T5 with minimum flow rate (Lines show the retention angles) Figure 7 shows the variation of retention angle with surface tension to density ratio. At a 121 particular value of surface tension to density, variation in condensate retention angle is due to variation 122 in circumferential pin spacing. Higher condensate retention angles correspond to higher 123 circumferential fin spacing. 124
This data could be used to determine the retention angle on pin-fin tubes for different liquids 125 with a range of surface tension to density ratios. 126 127 
Conclusions 134
New experimental data has been reported to determine the retention angle characteristics for 135 simulated condensation of water, ethylene glycol and R141B as a function of condensate flow rate. 136
Based on the findings it is recommended that the pin-fin tubes could be used in the bank of tubes that 137 get thoroughly inundated. Since, no drainage mechanism is present for the case of smooth tubes, 138 significant reduction in heat transfer is observed. condensate retention between fins during condensation on low-finned tubes," International 160
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